Introduction. Gallbladder carcinoma (GBC) is the most common malignancy of the biliary tract and the third most common gastrointestinal tract malignancy. This study examines a large cohort of GBC patients in the United States in an effort to define demographics, clinical, and pathologic features impacting clinical outcomes. Methods. Demographic and clinical data on 22,343 GBC patients was abstracted from the SEER database . Results. GBC was presented most often among Caucasian (63.9%) females (70.7%) as poorly or moderately differentiated (42.5% and 38.2%) tumors, with lymph node involvement (88.2%). Surgery alone was the most common treatment modality for GBC patients (55.0%). Combination surgery and radiation (10.6%) achieved significantly longer survival rates compared to surgery alone (4.0 ± 0.2 versus 3.7 ± 0.1 years, = 0.004). Overall mortality was 87.0% and cancer-specific mortality was 75.4%. Conclusions. GBC is an uncommon malignancy that presents most often among females in their 8th decade of life, with over a third of cases presenting with distant metastasis. The incidence of GBC has doubled in the last decade concurrent with increases in cholecystectomy rates attributable in part to improved histopathological detection, as well as laparoscopic advances and enhanced endoscopic techniques. Surgical resection confers significant survival benefit in GBC patients.
Introduction
Gallbladder carcinoma (GBC) is the most common malignancy of the biliary tract and third most common gastrointestinal tract malignancy [1, 2] . While a majority of patients are asymptomatic and are diagnosed incidentally following cholecystectomy for gallstones, some patients present with advanced disease with vague abdominal symptoms including abdominal pain and discomfort [2] [3] [4] [5] [6] . The incidence of GBC is especially high among South America, affecting 27 per 100,000 people [1] . The high rates of GBC in South America and Asia including Pakistan, Korea, and Japan have been attributed to high rates of cholecystitis and salmonella infection, both of which are known risk factors for GBC [7, 8] . Although gallbladder carcinoma is much less prevalent in North America compared to Asia, it is still associated with an extremely poor prognosis [5, 6] .
Given the low rates of GBC in North American, most existing knowledge regarding GBC is derived primarily from studies conducting in South America and Asia. This study examines a large cohort of gallbladder carcinoma patients in the United States (US) in an effort to define the demographics, clinical, and pathologic features impacting clinical outcomes in American GBC patients. 
Methods
Data for the current study was extracted from the Surveillance, Epidemiology, and End Result (SEER) database provided by the National Cancer Institute between 1973 and 2013. SEER Stat software version 8.0.4 was utilized to extract data from 18 SEER registries (Alaska Native Tumor Registry, Arizona Indians, Cherokee Nation, Connecticut, Detroit, Georgia Center for Cancer Statistics, Greater Bay Area Cancer Registry, Greater California, Hawaii, Iowa, Kentucky, Los Angeles, Louisiana, New Jersey, New Mexico, SeattlePuget Sound, and Utah). 22,343 patients with GBC were identified using the SEER International Classification of Disease for Oncology (ICD-O-3) codes C23.9 [9] . Demographic and clinical data extracted included age, gender, race, tumor grade, lymph node involvement, and type of treatment received (surgery, radiation, both, or unknown/no treatment) [9] . Outcomes examined included mortality and cancer-specific mortality. Chi-square test was used to compare categorical data, and Student's -test and analysis of variance (ANOVA) were used for continuous data. Multivariate analysis was performed and odds ratios (OR) were calculated to determine independent factors affecting survival. Long-term actuarial survival between groups was compared using Kaplan Meier analysis. Data was analyzed using IBM SPSS5v23 and statistical significance was accepted at the level of < 0.05 [10] . (Table 1 and Figure 1 ). The average age at diagnosis was 71.2 ± 12.5 years ( Table 2) . GBC was significantly more common among females (70.7% versus 29.3%), with a female-to-male ratio of 2.41 : 1. A majority of GBC cases occurred among Caucasians (63.9%), followed by Hispanics (16.8%), African Americans (9.2%), and Asian/Pacific Islanders (1.7%). Most of the reported cases and undifferentiated (4.0%) tumors. Most patients presented with lymph node involvement (88.2%).
Results

Treatment.
Surgical resection alone was the most common treatment modality (55.0%). Surgical resection and adjuvant radiation were utilized by 10.6%, while radiation alone was used in 2.6% of patients. 31.8% of patients received neither surgery nor radiation. The number of GBC treated with surgery increased in the 1980s, with a concomitant decrease in patients receiving no treatment (Figure 2 ).
Outcomes.
Overall survival was 2.72 ± 0.06 years. Surgical resection was associated with significantly improved survival (3.69 ± 0.09 years) compared to patients receiving no treatment (0.62 ± 0.05 years) or radiation alone (0.82 ± 0.08 years) (Table 3) . Surgical resection and adjuvant radiation were associated with a slightly longer survival compared to surgical resection alone (4.03 ± 0.18 years versus 3.69 ± 0.09 years, < 0.01). Kaplan Meier estimates also demonstrated prolonged survival for patients receiving surgical resection with or without adjuvant radiation (Figure 3) . When stratified by tumor grade, well differentiated tumors had the longest survival (5.93 ± 0.27 years), followed by moderately differentiated (3.72 ± 0.15 years), poorly differentiated (1.66 ± 0.07 years), and undifferentiated (1.29 ± 0.17 years) tumors.
Overall mortality was 87.0% and cancer-specific mortality was 75.4%. Cumulative survival remained low, and 1-, 2-, and 5-year survival were 34%, 22%, and 13%, respectively. 
Discussion
GBC is an aggressive malignancy associated with multiple etiologies and high mortality [1, 8] . Despite being the most common biliary tract malignancy and the fifth most common gastrointestinal cancer, GBC is rare [2] . The overall incidence of GBC worldwide varies greatly from 1.5 per 100,000 in North America to as high as 27 per 100,000 in South America [1] . The large variation in incidence worldwide is due to a combination of exposure to environmental risk factors and heritable genetic traits [1, 3] . The incidence of GBC increases with age, ranging from 1.47 per 100,000 people aged 50-64 years to 4.91 per 100,000 people aged 65-74 years, and 8.69 per 100,000 people over 75 years [3] . In this study, the mean age at diagnosis was 71.2 ± 12.6 years, mirroring previous studies with a mean age of 64-69.4 years [2, 3, 11] .
Female gender increases the risk of GBC by twofold to sixfold [12] . In the current study, GBC was significantly more common among females with a female-to-male ratio of 2.41 : 1. Although, female gender is associated with a higher risk of GBC, its effect varies based on ethnicity and geographies [1] . The female-to-male ratio of GBC has been reported to be as high as 3.0 : 1 among Hispanics, compared to 1.28 : 1 in African American populations [1] . Early studies on GBC have also noted increased incidence in multiparous females, suggesting a link between GBC and hormone levels [8] . Further studies have found estrogen and progestin receptors in GBC [3] .
The most significant risk factor for GBC is gallstones (relative risk (RR) = 3.0-23.8) and is present in the majority (69-85%) of patients [3, 13] . Stones irritate gallbladder mucosa resulting in inflammation, which may eventually results in carcinogenesis [3] . Patients with chronic gallstones, defined as present for 20 or more years, have an increased risk of GBC (OR = 6.2-12.1) [3] . Stone size has also been shown to contribute to an increased risk of GBC, with stones larger than 3 cm increasing risk by over ninefold (RR = 9.2-10.1) [3] .
The prognosis of GBC is extremely poor, most often due to its late diagnosis. Patients with GBC in this study often had advanced stage and grade by the time of diagnosis. The majority of patients presented with either poorly (42.5%) or moderately (38.2%) differentiated disease, and over 85% of patients had lymph node involvement.
The extensive progression of disease can be explained at least in part due to the difficulty in diagnosis [2] . Patients with GBC frequently have nonspecific symptoms such as vague abdominal pain and discomfort [3] . Common complaints include constitutional symptoms, anorexia, and weight loss progressing to painless jaundice [3, 14] . Furthermore, disease progression occurs silently over years [15] .
GBC most commonly arises due to the dysplasiacarcinoma sequence but can occasionally occur due to polyps and adenoma-carcinoma progression [1, 14, 16] . Progression from metaplasia to dysplasia may require up to ten years and the development of carcinoma in situ an additional five years [1] . Metaplasia most commonly arises due to inflammation caused by chronic gallstone irritation [14] . Inflammation then leads to increased expression of COX2 and inhibition of tumor suppressor genes such as p53 [14, 17, 18] .
The near silent and chronic progression of GBC results in many diagnoses (70%) detected incidentally [2] . Patients with GBC are commonly operated upon for diseases such as gallstones, cholecystitis, or polyps and the cancer is discovered incidentally with a frequency of 0.2% to 3.0% of all cholecystectomies [2, 3] . The recent adoption of laparoscopic surgeries has led to an increase in the frequency of cholecystectomies and therefore an increase in GBC diagnosis [2, [19] [20] [21] [22] . This is most apparent in this study in the years between 2000 and 2010, as the number of cholecystectomies and surgical resections doubled.
The tragic consequence of incidental discovery and late diagnosis is a one-year survival of 34%, a cumulative fiveyear survival of 13%, and a mean overall survival of only 2.7 years. Previous studies have specifically recognized extended disease and the number of positive lymph nodes as important predictors of worsening outcomes [23] . Factors associated with extended disease such as moderately and poorly differentiated tumors are independently associated with increased mortality for GBC.
Surgical resection is the standard of care for GBC patients [24] . In localized disease, simple cholecystectomy may be sufficient, and several studies have demonstrated similar survival with cholecystectomy compared to more radical extended resections [24] [25] [26] [27] . In advance disease however, reresection after a simple cholecystectomy or radical resection is associated with significantly improved mortality [25, 28] .
HPB Surgery
The use of radiation as a treatment modality alone has inferior survival rates compared to surgical resection and is typically used in combination with chemotherapy when surgery is not feasible [29] . In the current study, patients undergoing radiation alone survived 9.8 months compared to 3.7 years with surgical resection. The addition of radiation to surgical therapy improved overall survival by a little more than 3 months (4.0 versus 3.7 years with surgical resection alone). Hoehn et al. (2015) conducted a study involving 6,690 GBC patients from the American College of Surgeons National Cancer Data Base and reported that adjuvant chemoradiation significantly improved survival (Hazard Ratio (HR) = 0.77; 95% CI, 0.66-0.90), while adjuvant chemotherapy did not affect survival [30] .
Future improvements in therapy are focused on individual processes of carcinogenesis [14] . Current studies are investigating use of small molecule pathway inhibitors and monoclonal antibodies [3, 14, 24] . Several small clinical trials utilizing monoclonal antibodies targeting epidermal growth factor receptor (EGFR), vascular endothelial growth factor receptor (VEGFR), human epidermal growth factor receptor 2 (HER2), and multikinase inhibitors such as sorafenib have been completed or are on-going with demonstrable evidence of treatment effect and improved survival [14] .
There are several limitations to this study which need to be considered. The SEER database does not accurately code all clinical factors which may affect patient survival. Secondly, information on chemotherapy received was not provided in detail, limiting this study's ability to evaluate the effect of adjuvant or neoadjuvant therapy. There may also be an element of selection bias, since SEER registries are more likely to sample from urban than from rural areas. Despite these limitations, the SEER database has data obtained a representative sample of the US population and therefore these findings can be generalized to the overall population.
Conclusions
GBC is an uncommon malignancy that presents most often among females in their 8th decade of life, with advanced stage of disease and lymph node involvement. The incidence of GBC has doubled in the last decade concurrent with increases in cholecystectomy rates attributable in part to improved histopathological detection, as well as laparoscopic advances and enhanced endoscopic techniques. Surgical resection confers significant survival benefit in GBC patients. The role of radiation therapy remains controversial, and adjuvant radiation therapy in addition to surgical resection has been shown to confer a small survival advantage. Despite treatment, overall and cancer-specific survival remains low. Given its rarity, all GBC patients should be enrolled in clinical trials or registries to optimize treatment and clinical outcomes for these patients.
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